Introduction
The shell of Spondylus gaederopus Linne is a large and durable bivalve, and Neolithic people in Europe liked to use this species to make various shell objects, especially ornaments like bracelets, pendants and beads. Spondylus gaederopus was of south sea origin and the objects were transported far into inland Europe.
It is one of the most spectacular indicators of large scale trade in Neolithic Europe, and has been discussed in various ways.
In earlier studies it was simply considered that Spondylus shell objects had been spread as a result of migration of Neolithic farmers from south-eastern Europe or by some sort of inter-tribal barter exchange. (1) From the end of the 1950's archaeologists began to study Spondylus shell objects more systematically and to try to clear the peculiarities in each region in order to follow up the mutual relationship among the various Neolithic cultures in Europe. (2) Spondylus trade was often discussed as the indicator of the origins of some Neolithic cultures, especially Vinca-Tordos culture and Linear pottery culture.
In 1970, Shackleton and Renfrew threw new perspectives on the problem of Spondylus trade.(3) They presented the scientific data on the source of the Spondylus shells and asserted that the Spondylus shells found in the Balkan originated not from the Black Sea but from the Aegean, especially the coasts near the Plain of Drama, Eastern Macedonia. They also tried to identify Spondylus trade mechanism and proposed a model of "prestige chain exchange" for Balkan Spondylus trade. The former point is widely accepted by many archaeologists, (4) though there are some scholars who believe in the Black Sea origin.(5) The latter point is not so frequently acknowledged as the former, because Shackleton and Renfrew did not propose sufficient data in their article to persuade other archaeologists of its validity.(6) Setting aside whether or not the Balkan Spondylus . Numbers indicate his structure numbers, except House I-6 (after Tsountas in footnote 8). Lower case letters were added by the author to indicate find spots of shells and shell objects found in the spaces among structures.
trade was a kind of prestige chain exchange, considering the trade mechanism is very important for the study of prehistoric societies.
In order to discuss the mechanism of Spondylus trade, the study of Spondylus shells and shell objects in the Aegean region, which was assumed to be the resource area together with the Adriatic region, is indispensable. Recently the data on Spondylus shells and shell objects in Greece is increasing,(7) and appropriate conditions for study are emerging. The purpose of this article is a proposal of one of these data for further discussions on the mechanism of Spondylus trade in future.
I. Dimini and the shell assemblage
Dimini is a Late Neolithic settlement near Volos, Greece ( Fig. 1, 2 ). It was firstly excavated at the very beginning of this century by Stais, and then by Tsountas. Hourmouziadis gave me a chance to study shells and shell objects found during his excavations, and I studied them in the summer of 1986.(10)
Over twenty species of marine shells were identified among almost 5800 specimens. Figure 3 (left) shows the proportions of the different shell species making up the entire shell assemblage at Dimini. Cerastoderma edule is by far the most common species, followed by Ostrea edulis and Spondylus gaederopus. The numbers of the other species are very small compared with these three species. 500 shell objects were found in the new excavations at Dimini. The shell objects made of Spondylus gaederopus form almost half of the shell object assemblage, and those of Cerastoderma edule form 42.1 percent (Fig. 3 right) . We must notice that Spondylus shell objects form a high percentage of the shell object assemblage, compared with a relative low percentage in the entire shell assemblage.
Twelve shell species were used as raw materials for shell objects (Fig. 4) . They can be divided into two groups based on the percentage of shell objects in each species. The first group has high percentage of shell objects, and the second group has quite low percentage. It is very probable that the shell species belonging to the first group were gathered as raw materials for the production of shell objects and those belonging to the second group were gathered mainly for their edible value. Spondylus gaederopus is the most numerous among the species of the first group. The number of the shell objects made of Cerastoderma edule is also large, but the quite low percentage of the shell objects within this species indicates that this species belongs to the second group. and, Nassa reticulata were also made into shell objects, but their numbers are quite small. So, they are excluded in this figure. Figure 5 shows the percentage of appearance of the main three species in each find spot within the site. The proportions of the percentage of the first two species, Cerastoderma edule and Ostrea edulis, are similar, and the percentage difference among find spots was mostly due to the maldistribution of the excavations.(11) The find spots of shell objects from these two species were dispersed over the settlement and there was no significant accumulation.
Working technique on these objects was also very simple. So, it is supposed that the production of shell objects from these two species was done on a personal and occasional level.
The proportion of Spondylus gaederopus is very different from those of the first two species and shows considerable accumulations in House N and Space g. In the proportion of shell objects such accumulations are more conspicuous. The production techniques for making Spondylus shell objects were also far more complicated than those used for the first two species. In any case, Spondylus gaederopus is certainly the most important marine shell species used for producing shell objects at Dimini. As it was supposed that these find spots would bear relation to the production of Spondylus shell objects, all of the shells and shell objects of Spondylus were carefully examined. Table 1 snows the numbers of the types of Spondylus shell objects and worked and natural shells in each find spot.
To reconstruct the successive stages of Spondylus shell objects' manufacturing, worked shells and fragments were observed. There are 39 worked Table 1 . The numbers of Spondylus shell objects, worked shells and natural shells in each find spot based on their types. It seems that the order of these stages was sometimes partly inverted. It is supposed that the tools used in ring manufacturing are a stone quern (stages 1, 2, 5), a drill and a small hammerstone (stage 3), a hand-held grinding stone (stages 4, 5), and so on. Sand with water were also probably used as abrasive materials.(12) These tools are common implements used in everyday life during the Neolithic period in Greece. Such tools were found in the excavations at Dimini.(13) Besides rings, many Spondylus buttons and some cylinder beads were found in the new excavations at Dimini. There are several worked shell fragments which were probably abandoned in the manufacturing process of these small objects, but their evidence is not so eloquent as that of rings. Anyhow the manufacturing process of these small objects is presumed.
Manufacturing is begun by breaking a Spondylus shell. This process is repeated until the size of the fragments become suitable for small objects ( Fig. 
7: I-III).
Abrupt breakages are observed on some shells, from which the small fragments were cut ( Fig. 7: I ). These shells are called "cores" here. There are two right valves having blanks, from which the fragments for small objects were cut directly ( Fig. 7: I' ). They show another method to procure the fragments for small objects, but this method is very minor. Judging from the shapes of the blanks, the small fragments from this type cores were mainly used for making cylinder beads. The small fragment is ground in order to peel the periostracum of the shell and to make the rough shape of a button or cylinder bead ( Fig. 7 : IV, IV'). Then the piercing is done on the fragment with a small drill. Each button has two small holes which are pierced obliquely and connected internally ( Fig. 7: V) . Cylinder beads are pierced from both ends (Fig. 7: V' ). In the final step the small fragment is ground again to smooth all the sides. On the surface of many buttons some different flats are observed (Fig. 7: VI) . The tools used in the manufacturing of small objects are almost same as those for rings, except a very small sized drill which is used to pierce fine holes.
The products in the manufacture of Spondylus shell objects at Dimini are almost all made up rings, buttons and cylinder beads. The schematic processes of manufacturing are also shown in Figures 6 and 7 .
Spondylus gaederopus is a bivalve shell, and the right and left valves are considerably different in shape. The left valve is brownish-red in color with spines and small ears, and much flatter than right valve. The right valve is paler and convex, and its porcelaneous body is thicker than that of the left valve. This difference was considered in the manufacture of Spondylus shell objects at Dimini. Most of the unfinished rings were from left valves and most of the worked shells and fragments for the small objects were from right (Fig. 8) . It is not so easy to determine which valve was used by looking at the finished objects, because they have been completely ground. But in the case of rings, traces of hinge teeth and/or the location of the adductor muscle impression sometimes indicate the original valve. 27 out of 87 rings were identified in this way, and most of them were from left valves (ibid.).
The left valve is easier material for producing shell rings because it is thinner, and the right valve is more suitable for producing small shell objects because its porcelaneous body is thicker and small objects were made of only porcelaneous parts.
It is quite certain that the people of Neolithic Dimini recognized the difference between left and right valves of Spondylus gaederopus and that they knew how to utilize the raw materials effectively. They used mainly left valves for making rings and right valves for making buttons and cylinder beads. Now we return to table 1 and review the find spots where Spondylus shells and shell objects were found.
There are considerable accumulations of Spondylus shell objects in House N and Space g. The former produced over half of the Spondylus rings, and the latter produced 85 percent of the Spondylus buttons and most of the cylinder beads. In the worked shells and fragments the accumulations were not so remarkable as those of objects. But House N produced 8 worked fragments which were presumed as unfinished rings, and Space g produced 5 worked fragments which had been probably discarded in the manufacture of small objects. Each number is larger than those of the other find spots. Concerning the tools used for the manufacture of shell objects, querns and grinding stones which were very suitable for making shell rings were found in House N,(14) and stone drills which could have been used as piercing implements for small objects were found in Space g and its vicinity.
It is very probable that Spondylus rings were made chiefly in House N and Spondylus buttons and cylinder beads principally in and around Space g.
III. Dimini and its significant geographical position for the manufacture of Spondylus shell objects
Now it is quite certain that the manufacture of Spondylus shell objects existed in the settlement of Neolithic Dimini. Its scale was considerably large compared with those of the other Neolithic settlements which have been reported to date.
The manufacture of Spondylus shell objects is a mere productive sphere in the system of material circulation, and we must investigate the other spheres in the system, e. g. the procurement of raw materials, the transportation of raw materials and products, and the consumption of products, for understanding the Spondylus trade. Spondylus gaederopus lives in the littoral zone below a few meters down, and quite firmly attached to a hard substratum. Therefore they must have been gathered in a rocky bottom area. In the specimens of Spondylus shells of Dimini, there are many right valves with traces of rock adherings and very few specimens with polychaetes inside the shell, telling us that they were not collected as beach dead but gathered while still alive. The settlement of Dimini is situated about 3.5km west of the modern beach near Volos (Fig. 1) . The study of the ancient coastlines of Greece reveals that the sea level has been rising continuously from the last glacial maximum of the Late Paleolithic. Around 9000 b. p. there were still coastal plains which today are submerged in the sea, but the essential shape of coastlines was not so different from that of today. (15) It is supposed that the Late Neolithic coastlines were more similar to those of today. (16) The details of the Late Neolithic coastlines near Volos remain unclear in spite of some geological studies in this area,(17) but north-western coast of Volos Bay (the northern projection of Pagasitikos Bay) has been produced by the alluvial formation for the Holocene.(18) So, it is supposed that the Late Neolithic coastline there extended somewhat further inland than that of today, as Hourmouziadis has already pointed out. (19) I investigated the coasts near Volos to gather marine shells in January of 1987. The coast lines of Volos city and the western part of the inlet of north-western Volos Bay were artificially transformed, but almost all coasts inside the inlet had been sandy beaches. This is one of the reasons why Cerastoderma edule shells were so numerous at Neolithic Dimini. People of Dimini used to gather this species on the sandy beaches which existed very near from their settlement. Therefore Spondylus shells must have been gathered outside the inlet. The nearest rocky bottom coast suitable for gathering Spondylus shells is situated along the western coasts of Volos Bay outside the inlet, about 5km from the settlement of Dimini (Fig. 1: lower) . I could collect some specimens of Spondylus shells on the cast near Pagasai.
At Dimini, the number of the shells of rock dwellers is considerably small compared with that of sand burrowers, especially Cerastoderma edule. This may be reflected in the fact that the rocky bottom coast was situated rather far from the settlement.
Procurement of Spondylus shells must have been systematic to maintain the manufacture of Spondylus shell objects, and there are two hypothetical sources of Spondylus shells for Dimini. The first presumed source is the rocky bottom coasts near Pagasai. In this case the people of Dimini themselves used to go there to gather Spondylus shells. As the rocky bottom littoral there is not so large, it is not certain that they could gather enough Spondylus shells to maintain the manufacture in their settlement. The second hypothesis is that some specimens of Spondylus shells were imported from more coastal settlements, situated especially in the Aegean islands where Spondylus shells lived more densely. (20) Spondylus shells were discovered in the excavations of some Neolithic sites in the islands near Volos, (21) and it is possible that some of these Spondylus shells were brought into Dimini.
As I have already mentioned, 87 Spondylus shell rings were discovered in the excavation seasons of 1974 to 1976 at Dimini. In the old excavations of Tsountas some Spondylus shell rings were reported.(22) After the excavations of Hourmouziadis, small scale excavations were carried out at Dimini for site preservation and some more Spondylus shell rings were found. Then the total number of Spondylus shell rings found at Dimini to date amounts to almost one hundred. With one exception all of these rings are broken specimens. It is not definite whether they were broken due to the usage or in the very final stage of production. But as most of them were found in the manufacturing context, almost one hundred specimens would have been too numerous for consumption within the settlement of Dimini, and most of the broken rings show traces of having been burned, the latter explanation seems to be the case.
If so, Neolithic Dimini produced Spondylus shell rings on a quite large scale.
Buttons made of Spondylus shells are more numerous than rings at Dimini, but their economic value was not so large as their number, because a lot of buttons could be produced from only one valve and the distribution of Spondylus buttons is quite limited.(23) But quite similar type Spondylus buttons were found from Grave no. 3 of Varna II Necropolis,(24) and we have to pursue the distribution of this type objects more widely.
Anyhow it seems very probable that the settlement of Dimini produced Spondylus shell objects for exportation and actually exported them with perhaps raw materials (unworked Spondylus shells), especially towards Central Thessaly.(25) Fig. 1 is the map showing the location of Dimini, which was situated at a strategic point in the corridor connecting Central Thessaly with Pagasitikos Bay. It stood near the confluence of the Kserias and the Seskouliotis rivers, and along the latter people could obtain easy access to Volos Bay (a projection of Pagasitikos Bay) and towards Central Thessaly. We can not ignore this strategic position of Dimini in the corridor which was almost the sole route for collection and transportation of materials from the Aegean Sea into Central Thessaly. Spondylus shell was one of the most important Aegean Sea materials in the Neolithic period, and this strategic position would have made Dimini a suitable place for the management of Spondylus shell object manufacture. This could have been one of the reasons for the establishment of a Neolithic settlement at Dimini.
Conclusion
Up until now, Spondylus shell objects have been reported from about twenty Neolithic sites in Greece (Fig. 9) .(26) It has been supposed that Eastern Macedonia was the most suitable region for a transporting center of Aegean Spondylus shells because it is adjacent to the Balkan, where Spondylus shells were required in large numbers. In fact, Neolithic sites like Sitagroi, Dikili Tash and Dimitra produced many Spondylus shell objects and even some unfinished objects, showing that they were not only transporting but manufacturing sites. (27) Recent excavations at Vasilika in Halkidiki revealed that some Spondylus shell objects were also found in Central Macedonia. (28) In Western Macedonia, Spondylus shell objects were discovered among the excavated materials from Servia and Rodohori Cave.(29) These sites were situated inland and the source of these objects was not established.
In Central Thessaly, Agia Sofia Magoula and Tsangli produced Spondylus shell objects. As conjectured in the former pages, their source was probably the Volos area where Dimini, Sesklo and Phithiotic Thiba produced Spondylus shell objects. (30) The evidence of the manufacture of Spondylus shell objects in Volos area raises a new perspective on the source of Spondylus shell objects oi Western Macedonia, and farther north towards Balkan.
The Spondylus shell objects in the sites of north and Central Greece consist mainly of rings and cylinder beads, and their assemblages are comparatively large in scale. In south Greece, the Spondylus shell objects were produced on a small scale.(31) There are no remarkable object types in the assemblages. Spondylus shells are merely one of the marine shells which were used as raw materials for shell objects, and they were gathered primarily as diet in south Greece. As south Greece is far from the Balkan and Thessaly and Macedonia are situated between south Greece and the Balkan, a large scale manufacture producing Spondylus shell objects had not been developed there, though Spondylus shells live more densely.
The evidence of the large scale manufacture of Spondylus shell objects at Dimini suggests that there were various trade routes from the Aegean coasts to the Balkan. Up until now, most of the Spondylus shell objects in the Aegean region have been found in the settlements. It is partly due to the poverty of excavations on the Neolithic burials in this region, but it is a striking contrast to the Balkan and its northern regions where many Spondylus shell objects were discovered in the burials. (32) It is presumed that the Spondylus shell objects found in the Aegean region during Neolithic periods, especially in Thessaly and Macedonia, were manufactured as trade items for the further regions rather than for consumption within the region. The Aegean region may have exported also Spondylus shells themselves together with shell objects, because the various types of Spondylus shell objects were produced in the Balkan. The typological and technical studies on the Spondylus shell objects will make it possible to reconstruct the chronology, regional differences and trade routes of Spondylus shells and shell objects. As I mentioned in the introduction, the purpose of this article is a proposal of the data of Spondylus shells and shell objects in the resource area. In order to follow up the mechanism of Spondylus trade, detailed analyses on the objects must be conducted at various sites at first. I hope that many archaeologists in various contries will join the discussion on this problem. fig, 78 , pl. XLVI. All of the Spondylus shell objects mentioned in these articles belong to Greek Neolithic. Cretan and Bronze Age specimens are excluded. In addition to these specimens, there are much more Neolithic Spondylus shell objects which has not been published. (14) Prof. Hourmouziadis also gave me a chance to observe the stone implements of Dimini. I confirmed that there were at least two hand-held grinding stones and some stone qurnes in the materials of House N.
